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CHILD'S COMPARATIVE JUDGEMENTS OF 
DURATION OF MANUAL MOVEMENT* 
By 
AKIO 0 N 0 (,J,!f~~) 
(Osaka University of Education) 
The present study was designed to investigate how the child's judgement of 
duration of manual movement is influenced by distance and speed. 135 children in all 
aged 5 to 8 years took part in the two sets of experiments. The task of the subjects 
was to make comparative judgements of duration of drawing lines in various lengths 
for the same time at different speeds instructed. In the first experiment the 
subjects had visual cues to compare the lengths of line drawn, while they were blind-
folded in the second experiment. 
The following conclusions were drawn: (1) Children do not seem to be able to 
isolate their judgements of duration from the corresponding distances and speeds. 
Thus if the durations for drawing lines respectively are in fact equal, that duration will 
seem to a child to be the greatest which is associated with the longest line at the fastest 
speed. The general trend is in accordance with the kappa-movement effect. (2) There 
seems to be an age effect in that the proportion of children who follow the kappa-
movement effect increases from roughly 50 at age 5 to 90 per cent at age 8 years. (3) 
Children judge duration by distance with or without visual cues. Their judgements of 
duration appear to depend upon their judgements of distance, which in turn is as-
sociated with the speeds of drawing a line. 
1. INTRODUCTION 
Interdependence in judgements of the duration, distance and speed of movement has 
been studied from the following view points of: (i) influences of distance and speed on 
apparent duration, (ii) influences of duration and speed on apparent distance, and (iii) 
influences of duration and distance on apparent speed. Cohen and Cooper (2) called 
general trends in these influences the kappa-movement effect, tau-movement effect and 
kappa-tau effect respectively. 
Amongst the three effects, particularly the kappa-and tau-movement effects have 
been demonstrated, when the subject experienced a movement as the passenger of a 
vehicle (3) and as the driver of a car (5), when the subject walked and ran (4), and 
when he drew a line (8). Thus the two effects may be described as follows. Firstly, if 
two parts of a movement take the same clock time at different speeds, that part will seem 
to last longer which is associated with longer distance and faster speed, and vice versa 
(kappa-movement effect). Secondly, if two parts of a movement are of equal distance, 
-- --------- ---- """" ""----~---"------- ----
* A short part of a dessertation submitted for the degree of Master of Science in the 
University of Manchester, 1966. The writer is deeply indebted to Professor John Cohen and 
Mr. Peter Cooper for their kind help and advice in producing the thesis. 
108 A. Ono 
that part will seem greater which is associated with longer duration and slower speed, 
and vice versa (tau-movement effect). 
It would be now needed to investigate whether a child follows the kappa- and 
tau- movement effects in judging a duration and distance of movement. We might 
then come to the further understanding of the child's connection of apparent dura-
tion with distance and speed, and his connection of apparent distance with duration and 
speed. At present, we shall ask how the child's judgement of duration is influenced by 
distance and speed. 
The question on a linkage of the child's treatment of time with his treatment of 
distance or speed was first posed by Einstein to Piaget (6). It is told that Einstein 
wanted to know whether a child treats time independently of speed, or whether he 
derives time from speed. The answer reached by Piaget (9) is that a young child can 
not isolate his judgement of interval of time from his judgement of speed and distance. 
Fraisse (7) has challenged Piaget's conclusion, and claims that a child first begins 
to conceive of duration without reference to speed and distance. The experiment 
conducted by Professor Cohen (6), however, seems to support Piaget on the whole from 
the view point of the kappa-movement effect. 
In the preceding experiments both by Piaget and by Cohen, a child observed as 
the subject dolls or locomotives moving at different speeds for the same time, while 
a child actively experiences a manual movement by drawing a line in our experiments 
reported here. Thus our first hypothesis is: if a child draws two lines, following the 
kappa-movement effect, for the same duration but at different speeds, that line will 
seem to him to take more time which is drawn at a faster speed and to a further 
distance. 
According to our experimentation with an adult on the kappa- movement effect(S), 
speed appears to be more responsible than distance for the occurrence of the effect. 
Cohen, Hansel and Sylvester (1) have already referred to a possibility for explaining 
the kappa effect, which occurrs when no real movement is involved, in terms of a past 
experience of movement in daily life. In this connection, experience of movement may 
be suggested to be applicable, by way of explanation, not only to the kappa-effect, but 
also to the kappa-movement effect. From the developmental point of view, our second 
hypothesis is thus proposed: the more experience of movement a child has, the more 
frequently the kappa-movement effect will take place; or the frequency of the effect will 
increase with age. In addition, our third hypothesis is: if speed plays an important 
part for the occurrence of the kappa-movement effect with a child, he will mark the 
effect even under the condition where visual cues are excluded to compare the lengths 
of line drawn. 
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2. EXPERIMENT I 
2-1. Procedure 
133 school-children aged 5 to 8 years took part in the first experiment. Children 
were not blindfolded. They drew three straight lines successively from left to 
right at three speeds: fast speed, slow speed and very slow speed. Times taken to 
draw these lines were fixed at 5 seconds each by the experimenter using a stopwatch. 
Accordingly, the length of line was different each time. The mean distances were: 
long line (called L) 49.2 ems; middle line (called M) 25.9 ems; short line (called S) 13.9 
ems. The order of the lengths according to the speeds was varied in turn with cor-
responding changes in the instructions (L-M-S, L-S-M, M-L-S, M-S-L, S-L-M, S-M-L). 
Children were taken individually. The experimenter held a child's hand to draw 
a line with him, and said: 
"I want you to draw a line with me. When I say 'Ready, steady, go', let us draw 
a line fast (slowly or very slowly). When I say 'Stop', let us stop drawing the 
line. Don't look away, and watch the line you are drawing. Do you understand 1" 
When they had drawn the three lines, they were asked: 
"Which line took the most time1 Can you point it out1 Why 1" 
"Which line took the least time1 Can you point it out? Why?" 
The order of the questions was changed by turns. 
2-2. Results 
The number of children (133) who answered the questions is shown in Tables 1 and 
2, in relation to age and sex. 76 per cent (n=101 out of 133) and 73 per cent (n=97 
out of 133}, respectively, said that line L took the most time and that line S took the 
least time. The proportion of children who assigned the most time to the longest 
(fastest) line and the least time to the shortest (slowest) line, tends to increase with age 
(first row of Table 1 and third row of Table 2) from roughly 50 per cent to 95 per cent. 
The reasons which children gave for their responses are shown in Tables 3 and 4. 
Roughly half of the subjects were able to give an answer. Of those who did supply a 
reason, 82 per cent (n=42 out of 51) stated that line L took the most time because it 
was the longest (or longer}, and 79 per cent (n=37 out of 47) stated that lineS took the 
least time because it was the shortest (or shorter). As many as 90 per cent of the 8-year-
old followed these reasons (first rows of Table 3 and 4). These children seemed to 
judge durations directly by the length of line. By contrast, 16 per cent (n=8 out of 
51) and 21 per cent (n=10 out of 47}, respectively, said that line L took the most time 
because it was the fastest (or faster) and that line S took the least time because it was 
the slowest (or slower). This minority group of children seemed to judge duration 
directly by speed. 
Two children said that line S took the most time because it was the slowest, and 
one child said that line L took the least time because it was the fastest. These 
exceptional children seemed to judge time inversely by speed. One child of 8 years 
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Table I. Answers to the question: "Which line took the most time?" 
(Percentage in brackets) 
Answer 
1 
__ 5_+ __ [ -- 6 + tge ~n: Se-cx~-----r;--8 +-:-· 
M F M F1M F M F 
Line "L" 2 5 ' 19 18 15 27 7 8 43 58 
(long, fast) 7 37 42 15 101 
(50) (66) (89) (94) (76) 
- ----
Line "M" 0 1 0 1 
(middle) ! 1 1 
(2) (0.8) 
--·--- ----- ~----------- --~----·--
Line "8" 1 0 2 3 3 1 0 1 6 5 
(short slow) 1 5 
I 
4 1 11 
I (7) (9) (9) i (6) (8) ------------- l-7-- - -- -- ------ --- -··---I don't 3 3 7 ! 10 10 
know 6 14 I 20 
(43) (25) (15) 
-- --- - --~-~- -- -- ··---· -------------
6 8 28 28 18 29 7 9 59 74 
Total 14 56 47 16 133 
(100) (100) (100) (100) (100) 
Table 2. Answers to the question: "Which line took the least time?" 
(Percentage in brackets) 
Answer 
Age and Sex 
5+ I 6+ I 7+ i 8+ I 
Total--
M F I M F I M F M F M F -------
Line "L" 1 2 I 1 2 2 4 
(long, fast) 3 3 6 
(5) (6) (5) 
---------- ··---- -----------
Line"M" 1 0 3 1 0 1 4 2 
(Middle) 1 4 1 6 
(2) (9) (6) (5) 
Line "8" 2 4 19 17 14 26 7 8 42 55 
(short, slow) 6 36 40 15 97 
(43) (64) (85) (94) (73) 
--· .. - --------
I don't 4 4 7 9 11 13 
know 8 16 24 
(57) (29) (18) 
--------
6 8 28 28 18 29 7 9 59 74 
Total 14 56 47 16 133 
(100) (100) (100) (100) (100) 
---- --
-· 
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Table 3. Reasons for the answer that line "L" (long, fast line) took the 
most time. (Percentage in brackets) 
Reason I 5+ I 6+ AI ~e a;: Sei 8+ M F M F,M F M F 
·---·~ 
Because it I 10 6 6 8 5 7 
was the ! I6 I4 I2 
longest 
1 (89) (74) (92) 
--------- --------
Because it 0 I 2 0 3 2 
was the 1 2 5 
fastest (IOO) (11) (26) 
-·----··· 
Because it 1 0 
was the 1 
longest 














----- ---------- ··------ -·. ·--
I don't 2 4 7 I2 6 I7 I I I6 34 
know 6 I9 23 2 50 
---- --- - ------·--
Total 2 5 I9 IS 15 27 7 8 43 58 
7 37 I 42 I5 101 --
Percentage is calculated among children who were able to give reasons for 
their answers. 
Table 4. Reasons for the answer that line "S" (shrot, slow line) took the 
least time. (Percentage in brackets) 
~ 
~ . 
Age and Sex 
~ 
Reason 
5+ I 6+ ! 7+ I 8+ I 
To tar-
M F M F M F M F M F 
.. 
Because it 8 5 5 8 4 7 17 20 
was the I3 I3 11 37 
shortest (SI) (68) (92) (79) 
Because it 3 0 3 3 I 0 7 3 
was the 3 6 I IO 
slowest (I9) (32) (8) (21) 
I don't 2 4 8 I2 6 I5 2 I IS 
know 6 20 2I 3 50 
Total 2 4 19 I7 14 26 7 8 42 
6 
! 
36 j 40 ! I5 97 
Percentage is calculated among children who were able to give reasons for 
their answers. 




In general, however, we may say that children in the age group of 5 to 8 years tend 
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to associate, with increase of age, longer duration of drawing a line with longer length 
drawn. 
3. ExPERIMENT II 
3-1. Procedure 
135 school-children aged 5 to 8 years took part in the second experiment. Children 
were blindfolded. With the assistance of the experimenter, they individually drew 
two straight lines successively from left to right for 5 seconds at two speeds: fast speed 
and slow speed. The mean length of the fast line was 55.4 ems and of the slow line, 
23.2 ems. The order of the lengths according to the speeds was varied by turns. The 
instructions varied similarly. 
The experimenter held a child's hand to draw a line with him, and said: 
"I want you to draw a line with me. When I say 'Ready, Steady, go', let us draw 
a line fast (or slowly). Then slowly (or fast). When I say 'Stop', stop drawing the 
line. Do you understand ? " 
When the two lines were completed, the child was asked: 
"Which line took more time, the fast line or the slow one? Why? " 
This experiment was conducted on the same subjects who had participated in the 
non-blindfolded condition (Experiment I), but several days later. Two additional 
subjects joined in Experiment II. The present blindfolded conditions are obviously 
more difficult, and children therefore only asked to draw the two lines. 
3-2. Results 
The number of children (135) answering the questions is shown, m Table 5, m 
Table 5. Answers of blindfolded children to the question: "Which line 
took more time?" (Percentage in brackets) 
Answer I 
Age and Sex 
-5-+ -~ -6+·,----.~--..7cc-+--,-l -"8 +,------,1----rT<eoL::>tal 
M F M F M F M F M F 
Fast line 2 5 23 20 14 22 7 6 46 53 
(long) 7 43 36 13 99 
(54) (73) (77) (81) (73) 
--------
Slow line 1 1 7 4 6 4 1 2 15 11 
(short) 2 11 10 3 26 
(15) (19) (21) (19) (19) 
-·- . -
I don' t 1 3 3 2 0 1 4 6 
know 4 5 1 10 
(31) (8) (2) (7) 
------
4 9 33 26 20 27 8 8 65 70 
Total 13 59 47 16 135 
(100) (100) (100) (100) (100) 
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Table 6. Reasons for the answer that the fast line took more time. 
(Percentage in brackets) 
Age and Sex 
Reason 
5+ 




5 4 5 7 6 5 16 16 
9 12 11 32 
(75) (80) (92 (82) 


















I don' t 
know 
2 5 15 16 7 14 
21 
1 0 25 35 
7 31 1 60 
Total I 2 5 23 20 I 14 22 7 6 46 53 
43 i 36 13 I 7 
---~------·--'-----~----' ---~-------~-
Percentage is calculated among children who were able to give reasons for 
their answers. 
Table 7. Reasons for the answer that the slow line took more time. 
(Percentage in brackets) 
Age and Sex 
99 
Reason 7+ ' 8+ TotaJ-




IM F.M F 
-------~-·-- -----










1 1 1 2 2 
2 4 
(50) (100) (67) 














3 3 0 I 11 
6 1 20 
-----
6 4 1 2 15 
10 3 26 
·--~--·------· 





relation to age and sex. 73 per cent (n=99 out of 135) said that the fast line took more 
time. The proportion of children who assigned more time to the faster (longer) line 
seems to increase with age. 
82 per cent (n=32 out of 39) of children who were able to give reasons for 
their replies stated that the fast line took more time because it was longer, in spite of 
the condition being blindfolded (Table 6). An 8-year-old boy said, "I feel the fast one 
is longer." Other children seemed to demonstrate through their actions similar 
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principles. 18 per cent (n=7 out of 39) said that the fast line took more time because 
it was faster. 
On the other hand, 19 per cent (n=26 out of 135) children said that the slow 
line took more time. Of these 4 children said that the slow line took more time 
because it was slower, and two children said that the slow line took more time because 
it was shorter (Table 7). The remainder were unable to offer a reason. 
As in the non-blindfolded condition, the majority of children from 5 to 8 years old 
seem to associate longer duration with a faster (longer) line even under the 
condition of being blindfolded. 
4. CoNSIDERATIONS 
The foregoing experiments provide us with some answers to the questions which 
we posed at the outset. 
Firstly, children in the age group of 5 to 8 years do not seem to be able to 
isolate their judgements of duration from the corresponding distances and speeds. The 
general trend is in accordance with the kappa-movement effect. 
Secondly, there seems to be an age effect in that the proportion of children who 
follow the kappa-movement type of judgement increases from roughly 50 at age 5 Lo 
90 per cent at age 8 years. 
Thirdly, children judge duration by distance with or without visual cues. Their 
judgements of duration appear to depend upon their judgements of distance, which in 
turn is associated with the speeds of drawing a line. Thus the apparent length 
appears to be associated directly with speed, in that faster speed equals longer length, 
as judged by the introspectations of some blindfolded children. 
The outcomes above seem to support some of the consequences of previous 
studies conducted on the comparative judgements by children of successive equal 
durations of movement. Thus Professor Piaget (9) found that a doll which moves 
faster gives an impression of more time to children as well as to adults. Professor 
Cohen (6) indicated that children under 9 years of age base their judgements of longer 
duration upon longer distance. 
In the comparative judgements of simultaneous durations, different findings emerge. 
Some 'anti-kappa' type of judgement is common. Thus in Cohen's experiments (6), 
a slower engine which moves a shorter distance in the same time as a faster one moving 
a longer distance is judged to take more time. Here duration is judged inversely by 
speed. This agrees with Piaget's findings (9) that faster movement equals less time. 
Discrepancies in children's judgements between the cases of successive durations 
and simultaneous durations may stem from a difference in the experimental conditions, 
as Piaget (9) pointed out. In successive comparisons, subject's attention is drawn 
to what has happened, that is, the work accomplished and the distance covered. In 
other words, longer distance means more time. By contrast, in simultaneous 
comparisons, attention is paid to what is happening, that is, attention is focussed 
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on speed. In other words, faster movement equals less time. These differences of 
experimental situation obviously call for further researches in the development of 
the perception of time and space. 
According to Fraisse (7), children have intuitions of duration as well as of distance 
and speed. Their judgement of duration is not relative to distance and speed, but in 
terms of the effort they make and the changes they feel in their action. From the point 
of view of psychological relativity, however, we may say that children's judge-
ment of duration can not be independent of distance and speed. 
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RESUME 
Cette etude a ete faite pour examiner comment !'estimation d'une duree de mouvement de Ia 
main des enfants est influencee par Ia distance et Ia vitesse. Deux series d'experiences ont ete 
faites avec 135 enfants, tous comptes, ages de 5 ans a 8 ans. Les enfants ont ete occupes a 
comparer et juger une duree prise du temps de tirer une ligne de diverses longueurs pour une 
autant de duree par diverses vitesses indiquees. A Ia premiere experience Ies examines ont pu 
comparer les yeux ouverts des longueurs des !ignes tirees, mais a la deuxieme experience ils l'ont 
fait les yeux bandes. 
(1) 11 en est resulte qu'il semble que les enfants ne puissent detacher leur estimation de Ia 
duree de Ia distance et de la vitesse correspondants a cette duree. La tendance generale se con-
forme a l'effet de kappa-mouvement. Par consequent, si la duree respective du temps est en 
effet egale, il semble aux enfants que la duree du temps associee a la vitesse la plus rapide et la 
ligne la plus longue soit la plus grande. 
(2) 11 semble que l'effet d'age existe concernant la proportion des enfants qui se confor-
ment a l'effet de kappa-mouvement. parce qu'elle augmente en general selon !'age comme 50% 
pour les enfants ages de 5 ans a 90% pour les enfants ages de 8 ans. 
(3) Les enfants estiment une duree du temps par la distance, bien qu'une prise visuelle 
existe ou n'existe pas. 11 semble que !'estimation de la duree du temps depende de celle de Ia 
distance. Et !'estimation de la distance est associee tour a tour a la vitesse pout tirer une ligne. 
